Mechanism-based inactivation of dihydropyrimidine dehydrogenase by 5-ethynyluracil.
Uracil analogues with appropriate substituents at the 5-position inactivated dihydropyrimidine dehydrogenase (DHPDHase). The efficiency of these inactivators was highly dependent on the size of the 5-substituent. For example, 5-ethynyluracil inactivated DHPDHase with an efficiency (kinact/Ki) that was 500-fold greater than that for 5-propynyluracil. 5-Ethynyluracil inactivated DHPDHase by initially forming a reversible complex with a Ki of 1.6 +/- 0.2 microM. This initial complex yielded inactivated enzyme with a rate constant of 20 +/- 2 min-1 (kinact). Thymine competitively decreased the apparent rate constant for inactivation of DHPDHase by 5-ethynyluracil. The absorbance spectrum of 5-ethylnyluracil-inactivated DHPDHase was different from that of reduced enzyme. These optical changes were correlated with the loss of enzymatic activity. 5-Ethynyluracil inactivated DHPDHase with a stoichiometry of 0.9 mol of inactivator per mol of active site. Enzyme inactivated with [2-14C]5-ethynyluracil retained all of the radiolabel after denaturation in 8 M urea, but lost radiolabel under acidic conditions. These results suggested that inactivation was due to covalent modification of an amino acid residue and not due to modification of a noncovalently bound prosthetic group. A radiolabeled peptide was isolated from a tryptic digest of the enzyme inactivated with [2-14C]5-ethynyluracil. The sequence of this peptide was Lys-Ala-Glu-Ala-Ser-Gly-Ala-Y-Ala-Leu-Glu-Leu-Asn-Leu-Ser-X-Pro-His-Gly- Met-Gly-Glu-Arg, where X and Y were unidentified amino acids. Since the radiolabel was lost from the peptide during the first cycle on the amino acid sequenator, the position of the radiolabeled amino acid was not determined. The amino acid residue designated by X was identified as a cysteine from previous work with DHPDHase inactivated with 5-iodouracil. In contrast to 5-ethynyluracil, 5-cyanouracil was a reversible inactivator of the enzyme. 5-Cyanouracil-inactivated enzyme slowly regained activity (t1/2 = 1.8 min) after dilution into the standard assay. DHPDHases isolated from rat, mouse, and human liver had similar sensitivities to inactivation by 5-alkynyluracils.